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1.2 MODEL REDUCTION 
In design of systems such as micro-electro-mechanical (MEMS) the equations that 
define the system are written in partial differential equations to simulate such systems finite 
element model discretization is required which provides ordinary differential. This 
discretization results in large scale systems of ordinary differential equations. As it is very 
difficult to compute such large sized systems. So model order reduction is required. Model 
reduction techniques are very useful for efficient dynamic analysis of large finite element 
problems. The mass and stiffness matrices from finite element formulation contains thousands 
of degrees of freedom they are to be reduced to a smaller sets about hundreds of degrees of 
freedom as only some of the degrees of freedom plays role in the dynamics of the system while 
other plays less significant roles, so it is desired to reduce such degrees of freedom so that 
complexity of calculation and for analysis is reduced.  
Several model reduction techniques are there some of them are 
Guyan/Irons Condensation 
Improved Reduced System (IRS) 
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System Equivalent Reduction Expansion Process (SEREP) 
Dc Gain ranking method 
Balanced Reduction method 
1.2.1 GUYAN REDUCTION METHOD (DYNAMIC CONDENSATION)  
Guyan developed the standard method of model reduction in which the mass and stiffness 
matrices are rearranged as the independent or master degrees of freedom and slave or dependent 
degrees of freedom. Typically in dynamic condensation displacement degrees of freedom of 
higher mass nodes are taken as master degrees of freedom and rotational degrees of freedom 
with higher mass moment of inertial nodes and displacements of lower inertial nodes and lower 
mass moment of inertial nodes are taken as slave degrees of freedom. Dynamic condensation 
is similar to static condensation but it contains mass or inertial elements. In general for dynamic 
condensation mass matrix is consistent mass matrix taken from classical paper of archer in 
1963[8]. Guyan reduction introduces errors as we remove some contributions from lower 
inertial nodes. The magnitude of errors depends on the choices of degrees of freedom that are 
to be reduced.  
1.2.2 IMPROVED REDUCED SYSTEM 
 In this improved reduction system [3] the inertial terms present with the slave degrees of 
freedom are taken into consideration which were neglected in guyan reduction method. This 
method was developed by O’Callahan he considered an extra term in the transformation matrix 
of the static reduction technique to make allowance of the inertial terms. This extra term makes 
the modal vectors to be approximated more accurately in the full model. Two methods extended 
the IRS method first by using the transformation from dynamic reduction and second by using 
the iterative method.  
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The balanced method provides slightly better impulse results than the dc gain method, 
for models with same number of retained states. For frequency response the balanced reduction 
method fits one additional mode over that of dc gain method. 
1.3 STABILITY 
The physical parameters m, c and k are generally positive quantities but in some 
situations the expressions contains one or more negative coefficients. Then the system behaves 
well and can be treated as stable 
1.4 ANELASTIC DISPLACEMENT FIELD METHODS 
The need to produce finite element method [7] that are capable of producing dynamic 
characteristics of a structure or beam made lesieutre developed an independent means of 
augmenting finite element methods containing damped properties found from material loss 
factor curves. Lesieutre method uses a first order state space method called Anelastic 
displacement fields (ADF) methods 
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CHAPTER 2 
LITERATURE SURVEY 
 
George A lesieutre and kiran govindaswamy [1] in their finite element modelling of 
frequency dependent and temperature dependent dynamic behavior of viscoelastic materials 
paper showed that material behavior is dependent strongly for temperature and frequency 
changes. 
C. H. Park, J Inman and M J Lam [2] in their paper of model reduction of viscoelastic 
finite element models discussed that the GHM (Golla Hughes McTavish) method with model 
reduction techniques examines the behavior of the material for the frequency response when 
the properties of viscoelastic dampng are added to the finite element model for a lower order 
model which obtained by reducing the higher order model of the original system. 
From the paper of the convergence of iterated Irs method M I Friswell [3] showed that 
two approaches in IRS model the first is transformation matrix formed from dynamic 
condensed system and iterated IRS method and the later method that is iterated IRS method 
converges the results obtained from iterated improved reduced system (IRS) equal to the results 
obtained in system equivalent reduced expansion process (SEREP). 
Dale F Enns [4] in his model reduction with balanced realizations, the error bound for 
reduced order with balanced truncation is derived. The importance of the infinity norm and 
frequency weighted model reduction was discussed.  
Michael I Friswell [5] in his paper of the reduced order models of structures with 
viscoelastic components discussed that in order to calculate the transient response of a 
viscoelastic structure, a frequency dependent damped model is introduced with extra  
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